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Abstract
We examined Zℓ+ℓ− and Zbb¯ couplings in the minimal supersymmetric
model (MSSM) with explicit R-parity violating interactions. We found the
top quark L-violating couplings λ′i3k and B-violating couplings λ
′′
3j3 could
give significant contributions through the top quark loops. To accomadate
the latest Rℓ data, λ
′
i3k are suject to stringent bounds, some of which can
be much stronger than the current bounds. Within the current perturbative
unitarity bound of 1.25 for λ′′3j3, the Rb value in R-violating MSSM agrees
well with the experimental data at 2σ level, but may lie outside the 1σ range
depending on the involved sfermion mass.
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I. INTRODUCTION
The Standard Model (SM) has been very successful phenomenologically. Despite its
success, the SM is still believed to be a theory effective at the electroweak scale and that
some new physics must exist at higher energy regimes. So far there have been numerous
speculations on the possible forms of new physics beyond the SM. In the effective Lagrangian
approach [1], the observable effects of new physics at the SM energy scale are described in
the form of anomalous interactions. Among the various candidates for new physics which
have predictive power at energies not far above the weak scale, the most intensively studied
one is the weak-scale minimal supersymmetric model (MSSM) [2], which has many attractive
features and is often arguably the most promising one.
In the MSSM, the invariance of R-parity, defined by R = (−1)2S+3B+L for a field with
spin S, baryon-number B and lepton-number L, is often imposed on the Lagrangian in order
to maintain the separate conservation of baryon-number and lepton-number. However, this
conservation is not dictated by any fundamental principle such as gauge invariance and
there is no compelling theoretical motivation for it. The most general superpotential of the
MSSM consistent with the SU(3) × SU(2) × U(1) symmetry and supersymmetry contains
R-violating interactions which are given by [3]
W6R = 1
2
λijkLiLjE
c
k + λ
′
ijkLiQjD
c
k +
1
2
λ′′ijkǫ
abdU ciaD
c
jbD
c
kd + µiLiH2, (1.1)
where Li(Qi) and Ei(Ui, Di) are the left-handed lepton (quark) doublet and right-handed
lepton (quark) singlet chiral superfields. i, j, k are generation indices and c denotes charge
conjugation. a, b and d are the color indices and ǫabd is the total antisymmetric tensor. H1,2
are the Higgs-doublets chiral superfields. The λijk and λ
′
ijk are L-violating couplings, λ
′′
ijk
B-violating couplings. λijk is antisymmetric in the first two indices and λ
′′
ijk is antisymmetric
in the last two indices. The phenomenological studies for these R-violating couplings were
started long time ago [3]. While this is an interesting problem in its own right, the recent
anomalous events at HERA [4] and the evidence of neutrino oscillation [5] might provide an
additional motivation for the study of these R-violating couplings. So both theorists and
experimentalists have recently intensively examined the phenomenology of R-parity breaking
supersymmetry in various processes [6,7] and obtained some bounds [8].
It is notable that some of these R-violating couplings contribute to the precisely measured
Zbb¯ and Zℓ+ℓ− couplings through sfermion-fermion loops. Since the MSSM is a renormaliz-
able field theory and the sparticles get their masses through explicit soft breaking terms, the
decoupling theorem [9] implies that the effects of these sparticle loops will be suppressed by
some orders of 1/MSUSY and vanish asMSUSY goes far above the weak scale. So, in general,
these sfermion-fermion loop effects on lower energy observables are small. However, due to
the non-decoupling property of heavy SM particles (which get masses through spontaneous
gauge symmetry breaking), the effects of the sfermion-fermion loops with the fermion being
the top quark (hereafter called the top quark loops) may be enhanced by the large top quark
mass. Therefore, the R-violating top quark couplings in Eq.(1.1), λ′i3k and λ
′′
3jk, which cur-
rently subject to quite weak bounds (see Ref. [8] for a review), may give rise to significant
contributions through the top quark loops.
Although some bounds on the R-violating couplings were derived from Rℓ ≡ Γ(Z →
hadrons)/Γ(Z → ℓ+ℓ−) a few years ago [10], it is necessary to give a thorough examination
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for the R-violating quantum effects on Zbb¯ and Zℓ+ℓ− couplings since the measurements
of both Rb ≡ Γ(Z → bb¯)/Γ(Z → hadrons) and Rℓ have been much improved nowadays
[11,12]. Also, when deriving bounds from Rb and Rℓ, the R-conserving MSSM quantum
effects, which were neglected in previous studies [10], should be included. In this paper we
study the contributions of the trilinear explicit R-violating interactions to Zbb¯ and Zℓ+ℓ−
couplings. By using the latest data of Rb and Rℓ, we examine the bounds on the top quark
R-violating couplings. The R-conserving MSSM quantum effects on Zbb¯ vertex are also
taken into account in our analyses.
Note that at the level of the superpotential, the explicit L-violating terms µiLiH2 can be
rotated away by a field redefinition [3]. However, such a redefinition does not leave the full
Lagrangian invariant when including the soft-breaking terms [13]. We in this paper focus
on the trilinear explicit R-violating interactions and ignore the effects of the terms µiLiH2
or the so-called spontaneous R-violation induced by the non-zero VEVs of sneutrinos.
This paper is organized as follows. In Sec. II we calculate the contributions of R-violating
MSSM to Zbb¯ and Zℓ+ℓ− couplings. In Sec. III we present the contributions to Rb and Rℓ,
and derive the limits from the latest experimental data. Finally, we give the conclusion in
Sec. IV.
II. ZBB¯ AND Zℓ+ℓ− IN R-VIOLATING MSSM
Neglecting the dipole-moment coupling which are suppressed by mb/mZ , the R-violating
MSSM contribution to Zbb¯ vertex takes the form
∆VZbb¯ = i
e
sW cW
γµ
[
PRg
b
R∆
b
R + PLg
b
L∆
b
L
]
, (2.1)
where PR,L = (1 ± γ5)/2 and gbL (gbR) is the ZbLb¯L (ZbRb¯R) coupling in the SM. (Through-
out this paper the subscripts R and L stand for chirality.) The new physics contribution
factors ∆bL and ∆
b
R comprise of both the R-conserving MSSM contribution and R-violating
contribution which are denoted by
∆bL = ∆
(MSSM)
L +∆
(6R)
L , (2.2)
∆bR = ∆
(MSSM)
R +∆
(6R)
R . (2.3)
The R-conserving MSSM interactions contribute to Rb mainly through [14]:
(1) Chargino-stop loops. Their contribution is most likely sizable since they contain the
large t˜R − bL−Higgsino Yukawa coupling squared, which is proportional to M
2
t
M2
W
(1 +
cot2 β).
(2) Charged and neutral Higgs loops. For a very light CP-odd Higgs boson A0 (50 ∼ 80
GeV) and very large tanβ (∼ 50), their contribution could be sizable [14].
(3) Neutralino-sbottom loops. Their contribution is negligibly small for low and interme-
diate tanβ, but could be sizable for very large tanβ [14].
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Since the dominant MSSM contribution is from the chargino-stop loops for low and inter-
mediate tanβ (1 ∼ 30), we in our calculation consider the chargino-stop loops while give
a brief comment on the effects of other loops. A detailed calculation of the full one-loop
effects of MSSM on Zbb¯ coupling can be found in [14]. Here we present the results for the
chargino loops. The Feynman diagrams for chargino-stop loops are shown in Fig.1. The
contribution factor ∆
(MSSM)
R ≡ ∆(t˜L)R arise from the first three diagrams of Fig.1 induced by
t˜L − bR − χ˜+j Yukawa couplings, while ∆(MSSM)L ≡ ∆(t˜L)L +∆(t˜R)L with ∆(t˜L)L arising from the
middle three diagrams of Fig.1 induced by t˜L− bL− χ˜+j gauge couplings and ∆(t˜R)L from the
last three diagrams of Fig.1 induced by t˜R − bL − χ˜+j Yukawa couplings. The expressions of
∆
(t˜L)
R , ∆
(t˜L)
L and ∆
(t˜R)
L are presented in the Appendix.
Through loop diagrams, the R-violating couplings λ′′ij3 and λ
′
ij3 contribute to ZbRb¯R,
and λ′i3k contribute to ZbLb¯L. (Note that, for example, λ
′′
ij3 can also induce ZbLb¯L coupling
through loops, which is suppressed by M2b /M
2
Z and thus negligibly small.) The Feynman
diagrams for the loop contributions of these couplings to Zbb¯ coupling are shown in Figs.2, 3
and 4, respectively. Their contributions denoted as ∆
(λ′′ij3)
R , ∆
(λ′ij3)
R , and ∆
(λ′
i3k
)
L are presented
in the Appendix.
Through loops, the couplings λijk and λ
′
ijk with i = 1, 2 and 3 contribute to Zℓ
+ℓ− with
ℓ = e,µ and τ , respectively. The pure leptonic couplings λijk are not relavent to the top
quark and will not be considered in our analyses. The Feynman diagrams of the contribution
of λ′ijk to Zℓ
−
Lℓ
+
L are shown in Fig.5. (The loops of λ
′
ijk can also induce Zℓ
−
Rℓ
+
R coupling,
which is suppressed byM2ℓ /M
2
Z and thus negligibly small.) The contribution to Zℓ
+ℓ− vertex
takes the form
∆VZℓ+ℓ− = i
e
sW cW
γµ
[
PRg
e
R∆
ℓ
R + PLg
e
L∆
ℓ
L
]
, (2.4)
where geL and g
e
R are the couplings in the SM, and ∆
ℓ
L and ∆
ℓ
R the contributions from the
couplings λ′ijk with ∆
ℓ
R ≈ 0 and ∆ℓL being obtained from ∆(λ
′
i3k
)
L with substitutions of b→ ℓ,
νi → uj and ν˜i → u˜j.
We would like to make a few comments on the above calculations:
(a) In our calculations, we used dimensional regularization to control the ultraviolet di-
vergences in the virtual loop corrections and we adopted the on-mass-shell renormal-
ization scheme. The ultraviolet divergences in the self-energy and the vertex loops are
contained in Feynman integrals. We have checked that in our results, the ultraviolet
divergences cancelled as a result of renormalizability of the MSSM.
(b) In our calculations, various sfermion states are involved. We note that in general there
exist the mixing between left- and right-handed sfermions of each flavor (denoted as
f˜L and f˜R), as suggested by low-energy supergravity models [15]. (We do not consider
the flavor mixing of sfermions.) So f˜L and f˜R are in general not the physical states
(mass eigenstates), instead they are related to mass eigenstates f˜1 and f˜2 by a unitary
rotation:
f˜R = cos θf˜1 − sin θf˜2, (2.5)
f˜L = sin θf˜1 + cos θf˜2. (2.6)
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In our calculations, we give the results in terms of f˜L and f˜R, which can be easily
applied to the general case by using the above relations between f˜L,R and f˜1,2.
(c) We neglected the R-conserving MSSM contribution to Zℓ+ℓ− couplings because they
are expected to be small, unlike the Zbb¯ case where chargino-stop loops could con-
tribute significantly.
(d) While it is theoretically possible to have both B-violating and L-violating terms in the
Lagrangian, the non-observation of proton decay imposes very stringent conditions
on their simultaneous presence. In our calculation (and in the following numerical
calculations) we consider the presence of one non-zero coupling at one time.
Let us neglect the mixing between the left- and right-handed sfermions of each flavor,
and assume the value of 100 GeV for all sparticles and find out which coupling could give
large contribution. (For heavier sparticles the contribution becomes smaller.) The top quark
mass is fixed to 175 GeV throughout the paper. The results are found to be
Fig.2 : ∆bR/|λ′′ij3|2 =
{ −5.62% for λ′′3j3
0.183% for λ′′1j3, λ
′′
2j3.
(2.7)
Fig.3 : ∆bR/|λ′ij3|2 =
{
−2.76% for λ′i33
0.184% for λ′i13, λ
′
i23,
(2.8)
Fig.4 : ∆bL/|λ′i3k|2 = 0.09% (2.9)
Fig.5 : ∆ℓL/|λ′ijk|2 =
{ −0.77% for λ′i3k
0.09% for λ′i1k, λ
′
i2k,
(2.10)
As expected, even for the same magnitudes of the coupling strength, the top quark inter-
actions contribute more significantly than others, i.e., λ′′3j3 and λ
′
i33 contribute more signifi-
cantly to ZbRb¯R, while λ
′
i3k to Zℓ
−
Lℓ
+
L . In each case, the dominant contribution is found to
arise from the top quark loops.
As for the contribution from R-conserving MSSM, for comparison, we assume θt = 0
(i.e., Mt˜R = Mt˜1 and Mt˜L = Mt˜2), and the masses of both stops take the value of 100 GeV.
Assuming M = 250 GeV and µ = −100 GeV, then for tanβ = 1 (30), the contributions are
found to be
∆
(t˜L)
R = −0.001% (−0.28%) (2.11)
∆
(t˜L)
L = −0.03% (−0.02%) (2.12)
∆
(t˜R)
L = 0.27% (0.17%) (2.13)
As expected, ∆
(t˜R)
L is large because it is proportional to
M2t
M2
W
(1 + cot2 β). For large tan β,
∆
(t˜L)
R also becomes sizable because it is enhanced by the factor
M2
b
M2
W
(1 + tan2 β). ∆
(t˜L)
L arise
from the gauge coupling and is found to be always small. We realize that although the
magnitude of ∆
(t˜L)
R becomes comparable to that of ∆
(t˜R)
L for large tan β, its contribution to
Rb is suppressed by the factor (g
b
R/g
b
L)
2 ≈ 1/30 relative to the contribution of ∆(t˜R)L . So, for
low and intermediate tanβ, the MSSM contribution is dominated by the last three diagrams
of Fig.1, which are induced by the t˜R−bL−Higgsino Yukawa coupling. Since the sign of ∆(t˜L)R
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is opposite to that of ∆
(t˜R)
L , the MSSM contribution to Rb is relatively large when t˜R is the
lighter stop t˜1 (θt = 0), tanβ takes the small value and the lighter chargino is Higgsino-like.
Comparing Eqs.(2.7,2.8) with Eqs.(2.13), we find that for |λ′| ≈ 1 or |λ′′| ≈ 1 the
R-violating contribution to Rb is of comparable magnitude to the MSSM contribution.
(Here again we note the fact that the contribution of ∆bR to Rb is suppressed by the factor
(gbR/g
b
L)
2 ≈ 1/30 relative to the contribution of ∆bL.) If the stops are significantly lighter than
other sfermions which appear in the top quark loops of R-violating contributions, the MSSM
contribution to Rb can be more sizable. So the MSSM contributions should be considered
when deriving the bounds on R-violating couplings from Rb.
III. RB AND Rℓ IN R-VIOLATING MSSM
From the results of the preceding section, we found that the contributions of R-violating
top quark interactions to both Zbb¯ and Zℓ+ℓ− could be significant, with the dominant
contributions arising from the top quark loops. The magnitudes of the contributions are
proportional to the relevant coupling strenth squared.
For the L-violating top quark couplings λ′i3k, only λ
′
131, λ
′
231 and λ
′
133 are already strongly
constrained by atomic parity violation, νµ deep-inelastic scattering and νe-mass [8], respec-
tively. In the case of the B-violating top quark couplings λ′′3j3, none of them have been
well constrained by other processes. Some theoretical bounds on λ′′3j3 can be derived under
specific assumptions. The constraint of perturbative unitarity at the SUSY breaking scale
MSUSY would require all the couplings |λ′′|2/(4π) < 1, i.e., |λ′′| < 3.54. A stronger bound
can be obtained if we assume the gauge group unification at MU = 2 × 1016 GeV and the
Yukawa couplings Yt, Yb and Yτ to remain in the perturbative domain in the whole range
up to MU . They imply Yi(µ) < 1 for µ < 2 × 1016 GeV. Then we obtain an upper bound
of 1.25 for all λ′′ [16]. So it is likely for these top quark R-violating couplings, subject to
the current limits, cause large effects on Rb and/or Rℓ and, as a result, their current bounds
could be improved further.
In the following we present some representative results. For simplicity, we again neglect
the mixing between the left- and right-handed sfermion states for each flavor, and further
assume the mass degeneracy for all sfermions. (We will comment on the mixing effects of
stops or sbottoms later.) For the parameters M and µ in the chargino sector, we take two
representative scenarios: M = 250 GeV and µ = −100 GeV (Higgsino-like), and M = 100
GeV and µ = −250 GeV (gaugino-like). In the above two scenarios, the lighter chargino
mass is 112 GeV for tan β = 2 and 92 GeV for tan β = 30. (Note that the lower bound of
91 GeV on the chargino mass was obtained from the LEP runs at c.m. energy of 183 GeV
[18].)
A. Rb in MSSM with λ
′′
3j3
The coupling λ′′3j3 (j = 1 or 2) contributes to both Z → bb¯ though the t− d˜jR loops and
Z → djd¯j through t− b˜R loops. If we assume the mass degeneracy between b˜R and d˜jR, and
neglect the masses of the final quark states, then the contribution to Rb is given by
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∆Rb = 2(1− ξRSMb )RSMb
∆bL + (g
b
R/g
b
L)
2∆bR
1 + (gbR/g
b
L)
2
, (3.1)
where ξ = 2, ∆bL ≈ 0 and ∆bR = ∆
(λ′′
3j3
)
R given in the Appendix. The MSSM contribution to
Rb is given by Eq.(3.1) with ξ = 1 since only Z → bb¯ in the hadronic decays of Z could get
sizable contribution.
We found ∆R
(MSSM)
b is positive and ∆R
(λ′′
3j3
)
b is negative. The combined contribution
∆Rb is negative for λ
′′
3j3 being of O(1). In Fig.6 we fix λ′′3j3 = 1.25 and plot −∆Rb as a
function of sfermion mass. The limits shown in Fig.6 are from the experimental data and
the SM value [11]
Rexpb = 0.21642± 0.00073, RSMb = 0.2158± 0.0002. (3.2)
The magnitude of ∆Rb in scenario A (Higgsino-like) is reletively small because this scenario
gives the reletively large destructive contribution ∆R
(MSSM)
b . As shown in Fig.6, ∆Rb lies
within the 2σ range, but goes outside the 1σ range for light sfermion mass. So the pertur-
bative unitarity bound of 1.25 on λ′′3j3 cannot be improved at 2σ level, but can be improved
at 1σ level. The limits on λ′′3j3 are listed in Table I.
Note that the coupling λ′i33 only contributes to Z → bb¯, and, therefore, the corresponding
contribution to Rb is given by Eq.(3.1) with ξ = 1, and ∆
b
L = ∆
(λ′i33)
L and ∆
b
R = ∆
(λ′i33)
R given
in the Appendix. In this case, there exist both ∆bR, induced dominantly from t− e˜iL loops in
Fig.3, and ∆bL, induced from b− ν˜iL and b˜R− νi loops in Fig.4. As shown in Eqs.(2.8,2.9), if
the masses of e˜iL, ν˜
i
L and b˜R are the same (or at least not very different), ∆
b
L is relatively small
compared with ∆bR because the loops in Fig.4 do not involve the top quark. However, the
contribution of ∆bL to Rb is of comparable magnitude to that of ∆
b
R due to the suppression
factor (gbR/g
b
L)
2 ≈ 1/30 for the latter. Since the two contributions have the opposite sign,
they cancel to a large extent and, therefore, lead to negligibly small contribution to Rb.
B. Rℓ in MSSM with λ
′′
3j3
The MSSM corrections contribute to Rℓ through their effects on Z → bb¯, which is given
by
∆Rℓ = ξR
SM
b R
SM
ℓ
∆bL + (g
b
R/g
b
L)
2∆bR
1 + (gbR/g
b
L)
2
, (3.3)
with ξ = 2, ∆bL = ∆
(t˜L)
L +∆
(t˜R)
L and ∆
b
R = ∆
(t˜L)
R given in the Appendix.
The coupling λ′′3j3 contributes to Rℓ through its effects on Z → bb¯ and Z → dj d¯j, which
is given by Eq.(3.3) with ξ = 4 under the assumption that sfermions involved in the relevant
loops have the same mass. ( Note that under the same assumption, the bounds on λ′′3j3 from
Rℓ also apply to λ
′′
3jk which contributes to Z → dkd¯k and Z → djd¯j.) Since λ′′3j3 do not
directly couple to any leptonic flavor, we assume leptonic universality in Rℓ in this case.
We found ∆R
(MSSM)
ℓ is positive and ∆R
(λ′′
3j3
)
ℓ is negative. For λ
′′
3j3 being of O(1), the
combined contribution ∆Rℓ is negative. In Fig.7 we fix λ
′′
3j3 = 1.25 and plot −∆Rℓ as a
7
function of sfermion mass. The upper limits in Fig.7 are obtained from the experimental
data [11]
Rexpℓ = 20.768± 0.024, RSMℓ = 20.748. (3.4)
From Fig.7 we see that if λ′′3j3 takes the largest value allowed by perturbative unitarity, the
magnitude of ∆Rℓ lies outside the 1σ range for sfermion mass less than 1 TeV and outside
the 2σ range for sfermion mass less than about 200 GeV. So the perturbative unitarity
bounds on λ′′3j3 can be improved, as listed in Table II.
C. Rℓ in MSSM with λ
′
i3k
The coupling λ′i33 contributes to Rℓi , (ℓi = e, µ and τ for i = 1, 2 and 3, respectively)
through their effects on Z → ℓ−i ℓ+i and Z → bb¯, which is given by
∆Rℓi = 2R
SM
ℓi
[
RSMb
∆bL + (g
b
R/g
b
L)
2∆bR
1 + (gbR/g
b
L)
2
− ∆
ℓi
L + (g
e
R/g
e
L)
2∆ℓiR
1 + (geR/g
e
L)
2
]
. (3.5)
Under the assumption that sfermions involved have the same mass, the effects of λ′i33 is
the same as λ′i3k which contributes to Z → ℓ−i ℓ+i and Z → dkd¯k. The R-conserving MSSM
contribution to each Rℓi can be obtained from Eq.(3.3) by the obvious substitution ℓ→ ℓi.
We found both ∆R
(MSSM)
ℓi
and ∆R
(λ′
i3k
)
ℓi
are positive. For sfermion mass of 200 GeV, the
combined contrtribution ∆Rℓi versus λ
′
i3k is ploted in Figs.8, 9 and 10 for i = 1, 2 and 3,
respectively. The magnitude of each ∆Rℓi in scenario A (Higgsino-like) is reletively large
because this scenario gives the reletively large constructive contribution ∆R
(MSSM)
ℓi
. The
limits ploted in Figs.8-10 are obtained from experimental data and the SM values [11]
Rexpe = 20.803± 0.049, RSMe = 20.748± 0.019, (3.6)
Rexpµ = 20.786± 0.033, RSMµ = 20.749± 0.019, (3.7)
Rexpτ = 20.764± 0.045, RSMτ = 20.794± 0.019. (3.8)
From Figs.8-10 we see that the contribution in each case may lie outside the 2σ range,
depending on the coupling strength. The limits on λ′′13k, λ
′′
23k and λ
′′
33k are listed in Tables
III, IV and V, respectively.
IV. DISCUSSIONS AND CONCLUSION
A few remarks are due regarding the numerical results:
(1) The R-conserving MSSM effects are not negligible in deriving the bounds on the R-
violating couplings. For example, for sfermion mass of 100 GeV, the 1σ bounds with
(without) the MSSM effects are
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|λ′′3j3| < 1.07(0.55) (from Rb), (4.1)
|λ′′3j3| < 0.65(0.35) (from Rℓ), (4.2)
|λ′13k| < 0.73(0.77) (from Re), (4.3)
|λ′23k| < 0.60(0.64) (from Rµ), (4.4)
|λ′33k| < 0.22(0.32) (from Rτ ), (4.5)
where tanβ = 2, and M = 100 GeV and µ = −250 GeV.
(2) We note that the limits are not very sensitive to tan β in the range of tan β > 1. This
is because the R-conserving MSSM effects are dominated by the t˜R − bL−Higgsino
Yukawa coupling squared ∼ M2t
M2
W
(1 + cot2 β) which is not sensitive to tanβ in the
range of intermediate and large tanβ. (Of course, the MSSM effects also have a mild
dependence on tanβ through chargino masses and the unitary matrice diagonalising
the chargino mass matrix.) It is obvious that as tanβ goes lower than 1 (which
is disfavored by the existing experimental data), the MSSM effects will be greatly
enhanced and thus the results will be very sensitive to tanβ.
(3) For the MSSM contribution to Zbb¯ vertex, we only considered the most important
part, i.e., the chargino-stop loops. Since the chargino-stop loops contain the large
t˜R − bL−Higgsino Yukawa coupling squared, which is proportional to M
2
t
M2
W
(1 + cot2 β),
they are the dominant MSSM effects in a large part of SUSY parameter space, typically
with low or intermediate tan β (1 ∼ 30). For a very light CP-odd Higgs boson A0
(50 ∼ 80 GeV) and very large tanβ (∼ 50), the Higgs loops may give rise to sizable
effects. For very large tanβ and light sbottoms, the contribution from the neutralino-
sbottom loops may also be sizable. In both cases, the contributions to Rb are positive
(adds to the effects of chargino-stop loops), and therefore, the bounds will get weaker
for λ′′3j3 and stronger for λ
′
i3k.
(4) We would like to elaborate again on the effects of sfermion mixings. In our numerical
calculations, we neglected the mixing between the left- and right-handed sfermion
states for each flavor, and further assume the mass degeneracy for all sfermions. This
might be a good approximation for all sfermions except stops and sbottoms, because
the mixing is proportional to the corresponding fermion mass [15]. The non-diagonal
element is give by [15] MLR = mt(µ cotβ + At) for stop mass matrix and MLR =
mb(µ tanβ + Ab), with At and Ab being the coefficients of the trilinear soft SUSY-
breaking terms t˜Lt˜RH2 and b˜Lb˜RH1, respectively. So in general the stop mixing is
significant and sbottom mixing can also be significant for large tanβ. This implies
that the lighter stop (t˜1) or/and the lighter sbottom (b˜1) could be significantly lighter
than other sfermions 1. The stop t˜1 is involved in Fig.1 and the sbottom b˜1 is involved in
1For the lighter stop, the direct search from all four experiments at LEP give a lower mass bound
of 75 GeV [17]. The D0 collaboration at FNAL searched for the jets plus 6ET signal of stop and
obtained the lower mass limit of 90 GeV [19]. However, we should note these bounds may not be
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Fig.5 with k = 3. So if the lighter stop is significantly lighter than other sfermions, the
MSSM contributions from Fig.1 will be more significant and thus the limits get weaker
for λ′′3j3 and stronger for λ
′
i3k; if the lighter sbottom is significantly lighter than other
sfermions (e.g., in case of very large tan β), the couplings λ′i3k will have larger effects
on Zℓ+ℓ− vertex and thus subject to even stronger bounds. The numerical results we
presented correspond to the special case At = −µ cot β (θt = 0) and Ab = −µ tanβ
(θb = 0).
(5) In our numerical calculation we worked in the general MSSM, where the SUSY param-
eters are arbitrary at the weak scale and thus we have the full parameter space freedom.
We note that there are some other popular frameworks called the constrained MSSM
models, in which the MSSM is usually embedded in some grand unification scenarios.
In such frameworks, there are only a few free parameters at the grand unification scale
and all the parameters at the weak scale are generated through the renormalization
group equations. We did not consider such models in our analyses.
(6) In our analyses we evaluated Rb and did not present the calculation for bb¯ forward-
backward asymmetry Ab. The experimental value of Ab shows a 2.7σ deviation from
the SM prediction [11]. To accomadate both Ab and Rb data, the new physics contri-
bution has to shift the left- and right-handed Zbb¯ couplings by ∼ −1% and ∼ 30%,
respectively [12]. While the contribution of −1% might easily be interpreted as a new
physics quantum loop correction, as shown by our calculation in R-violating MSSM, a
large shift of 30% for right-handed coupling seems too strange to explain. For this rea-
son, it is believed the anomaly of Ab stems from a statistical or systematic effect. From
our results we see that although the couplings λ′′ij3 and λ
′
ij3 contribute to right-handed
Zbb¯ coupling, they cannot provide an explanation for Ab because their contributions
are negative.
In summary, we evaluated the quantum effects of the trilinear R-parity violating in-
teractions on Zℓ+ℓ− and Zbb¯ couplings in the MSSM. We found the top quark R-violating
couplings could give significant contributions to Zℓ+ℓ− and Zbb¯ through the top quark loops.
We calculated (1) Rb value in the MSSM with λ
′′
3j3; (2) Rℓ value in the MSSM with λ
′′
3j3; (3)
Rℓi values in the MSSM with λ
′
i3k (i = 1, 2, 3). We found that within the current perturba-
tive unitarity bound of 1.25 for λ′′3j3, the Rb value agrees well with the experimental data at
2σ level, but may lie outside the 1σ range for light the involved sfermion mass. The Rℓ data
constrained λ′′3j3 more severely than Rb data. To accomadate the Rℓ (ℓ = e, µ, τ) data, λ
′
i3k
are suject to stringent bounds. A summary of updated current bounds on all R-violating top
quark Yukawa couplings are given in Table VI for slepton mass and squark mass of 100 GeV.
(Here the squark mass of 100 GeV is chosen just for illustration and for the convinienece of
comparison with other bounds.) Since the bounds from Rℓ depend slightly on other SUSY
parameters of the MSSM, we took the most conservative bounds from our results.
applicable to the R-violating MSSM since the LSP is no longer stable and thus the basic SUSY
signal is no longer the missing energy.
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APPENDIX
The contribution factor ∆
(t˜L)
R arise from the first three diagrams of Fig1, ∆
(t˜L)
L from the
middle three diagrams of Fig.1 and ∆
(t˜R)
L from the last three diagrams of Fig.1, which are
given by
∆
(t˜L)
R = −
g2
16π2
(
Mb√
2MW cos β
)2 {
−|Uj2|2B1(Mb,Mχ˜j ,Mt˜L)
+U∗j2Ui2
O′Rij
gbR
[
0.5− 2C24 −M2Z(C11 − C12 + C21 − C23)
+
O′Lij
O′Rij
M2χ˜jC0
]
(k,−pb¯,Mχ˜j ,Mχ˜j ,Mt˜L)
−g
t
L
gbR
|Uj2|22C24(pb,−k,Mχ˜j ,Mt˜L ,Mt˜L)
}
, (4.6)
∆
(t˜L)
L = −
g2
16π2
{
−|Vj1|2B1(Mb,Mχ˜j ,Mt˜L)
+Vj1V
∗
i1
O′Lij
gbL
[
0.5− 2C24 −M2Z(C11 − C12 + C21 − C23)
+
O′Rij
O′Lij
M2χ˜jC0
]
(k,−pb¯,Mχ˜j ,Mχ˜j ,Mt˜L)
−g
t
L
gbR
|Vj1|22C24(pb,−k,Mχ˜j ,Mt˜L ,Mt˜L)
}
, (4.7)
∆
(t˜R)
L = −
g2
16π2
(
Mt√
2MW sin β
)2 {
−|Vj2|2B1(Mb,Mχ˜j ,Mt˜R)
+Vj2V
∗
i2
O′Lij
gbL
[
0.5− 2C24 −M2Z(C11 − C12 + C21 − C23)
+
O′Rij
O′Lij
M2χ˜jC0
]
(k,−pb¯,Mχ˜j ,Mχ˜j ,Mt˜R)
−g
t
R
gbR
|Vj2|22C24(pb,−k,Mχ˜j ,Mt˜L ,Mt˜R)
}
. (4.8)
Here the functions B1 and Cij, C0 are 2- and 3-point Feynman integrals defined in [20],
and their functional dependences are indicated in the bracket following them with k, pb and
pb¯ being the momentum of Z-boson, b and b¯, respectively. The O
′L
ij and O
′R
ij are defined
by O′Lij = −Vi1V ∗j1 − Vi2V ∗j2/2 + δij sin2 θW and O′Rij = −U∗i1Uj1 − U∗i2Uj2/2 + δij sin2 θW ,
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respectively. The unitary matrix elements Uij and Vij, and the chargino masses M˜j depend on
the parameters M , µ and tan β via Eq.(c18)-(c21) of Ref. [2]. Here we defined tan β = v2/v1
with v2 (v1) being the vev of the Higgs doublet giving up-type (down-type) quark masses,
so θv in [2] should be substituted by π/2− β. M is the SU(2) gaugino masses and µ is the
coefficient of the H1H2 mixing term in the superpotential.
The contribution of Fig.2 to ZbRb¯R coupling is given by
∆
(λ′′
ij3
)
R = −|λ′′ij3|2
fc
16π2
{
−B1(Mb,Mdj ,Mu˜i
R
)− B1(Mb,Mui,Md˜j
R
)
+2
g
u˜i
R
R
gbR
C24(pb,−k,Mdj ,Mu˜i
R
,Mu˜i
R
) + 2
g
d˜
j
R
R
gbR
C24(pb,−k,Mui,Md˜j
R
,M
d˜
j
R
)
−g
dj
R
gbR
[
0.5− 2C24 −M2Z(C11 − C12 + C21 − C23)
+
gd
j
L
gd
j
R
M2djC0
]
(k,−pb¯,Mdj ,Mdj ,Mu˜i
R
)
−g
ui
R
gbR
[
0.5− 2C24 −M2Z(C11 − C12 + C21 − C23)
+
gu
i
L
gu
i
R
M2uiC0
]
(k,−pb¯,Mui ,Mui,Md˜j
R
)
}
. (4.9)
Here, for a field f , the left and right-handed couplings are defined by gfL = I
f
3 − efs2W and
gfR = −efs2W with ef being the electric charge in unit of e, and If3 = ±1/2 the corresponding
third components of the weak isospin. fc = 2 is a color factor.
The contribution of Fig.3 to ZbRb¯R coupling is found to be
∆
(λ′
ij3
)
R = |λ′ij3|2
1
16π2
∑
f,f˜

B1(Mb,Mf ,Mf˜ ) + 2g
f˜
L
gbR
C24(pb,−k,Mf ,Mf˜ ,Mf˜)
−g
f
L
gbR
[
0.5− 2C24 −M2Z(C11 − C12 + C21 − C23)
+
gfR
gfL
M2fC0
]
(k,−pb¯,Mf ,Mf ,Mf˜ )
}
, (4.10)
where the sum is performed over
(f, f˜) =


(dj, ν˜iL)
(νi, d˜jL)
(uj, e˜iL)
(ei, u˜jL)
(4.11)
The contribution of Fig.4 to ZbLb¯L coupling is given by
∆
(λ′
i3k
)
L = |λ′i3k|2
1
16π2
{
B1(Mb,Mdk ,Mν˜i) +B1(Mb, 0,Md˜k
R
)
12
−2g
ν˜i
L
gbL
C24(−pb, k,Mdk ,Mν˜i,Mν˜i) + 2
gd˜
k
R
gbL
C24(pb,−k, 0,Md˜k
R
,Md˜k
R
)
−g
dk
R
gbL
[
0.5− 2C24 −M2Z(C11 − C12 + C21 − C23)
]
(−k, pb¯,Mdk ,Mdk ,Mν˜i)
+
gν
i
L
gbL
[
0.5− 2C24 −M2Z(C11 − C12 + C21 − C23)
]
(k,−pb¯, 0, 0,Md˜k
R
)
}
. (4.12)
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TABLES
TABLE I. The 1σ upper limits on B-violating top quark couplings λ′′3j3 from Rb for scenario
A (M = 250 GeV, µ = −100 GeV) and scenario B (M = 100 GeV, µ = −250 GeV). The 2σ upper
limits are weaker than the perturbative unitarity bound of 1.25 and thus not listed here.
Scenario A Scenario B
sfermion mass (GeV) tan β = 2 tan β = 30 tan β = 2 tan β = 30
100 1.23 1.18 1.07 0.87
200 1.30 1.26 1.06 0.82
300 1.39 1.36 1.12 0.86
400 1.48 1.45 1.19 0.93
500 1.57 1.55 1.27 1.02
600 1.65 1.64 1.36 1.12
700 1.77 1.73 1.45 1.23
800 1.72 1.89 1.54 1.33
900 1.91 1.90 1.63 1.43
1000 2.01 2.00 1.73 1.54
TABLE II. The 1σ ( 2σ) upper limits on B-violating top quark couplings λ′′3j3 from Rℓ for
scenario A (M = 250 GeV, µ = −100 GeV) and scenario B (M = 100 GeV, µ = −250 GeV).
These bounds are also applied to λ′′3jk if all sfermions have the same mass.
Scenario A Scenario B
sfermion mass (GeV) tan β = 2 tan β = 30 tan β = 2 tan β = 30
100 0.75(1.14) 0.72(1.12) 0.65(1.08) 0.53(1.01)
200 0.79(1.30) 0.77(1.29) 0.65(1.22) 0.51(1.15)
300 0.85(1.49) 0.83(1.48) 0.69(1.40) 0.54(1.34)
400 0.91(1.68) 0.89(1.67) 0.74(1.59) 0.59(1.53)
500 0.96(1.86) 0.95(1.86) 0.79(1.78) 0.65(1.72)
600 1.02(2.04) 1.01(2.04) 0.85(1.96) 0.71(1.91)
700 1.09(2.24) 1.07(2.23) 0.91(2.15) 0.78(2.10)
800 1.07(2.38) 1.17(2.42) 0.97(2.33) 0.84(2.29)
900 1.19(2.57) 1.18(2.57) 1.02(2.50) 0.91(2.46)
1000 1.25(2.75) 1.24(2.75) 1.09(2.69) 0.98(2.64)
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TABLE III. The 1σ ( 2σ) upper limits on L-violating top quark couplings λ′13k from Re for
scenario A (M = 250 GeV, µ = −100 GeV) and scenario B (M = 100 GeV, µ = −250 GeV).
Scenario A Scenario B
sfermion mass (GeV) tan β = 2 tan β = 30 tan β = 2 tan β = 30
100 0.72(0.89) 0.72(0.90) 0.73(0.91) 0.75(0.92)
200 0.87(1.08) 0.87(1.08) 0.89(1.10) 0.91(1.11)
300 1.04(1.29) 1.05(1.29) 1.06(1.30) 1.08(1.32)
400 1.21(1.49) 1.22(1.50) 1.23(1.51) 1.25(1.52)
500 1.38(1.70) 1.38(1.70) 1.40(1.71) 1.41(1.72)
600 1.54(1.90) 1.55(1.90) 1.56(1.91) 1.57(1.92)
700 1.70(2.09) 1.71(2.09) 1.72(2.10) 1.73(2.11)
800 1.87(2.29) 1.86(2.28) 1.88(2.30) 1.89(2.30)
900 2.02(2.47) 2.02(2.47) 2.03(2.49) 2.04(2.49)
1000 2.17(2.66) 2.17(2.66) 2.19(2.67) 2.20(2.68)
TABLE IV. The 1σ ( 2σ) upper limits on L-violating top quark couplings λ′23k from Rµ for
scenario A (M = 250 GeV, µ = −100 GeV) and scenario B (M = 100 GeV, µ = −250 GeV).
Scenario A Scenario B
sfermion mass (GeV) tan β = 2 tan β = 30 tan β = 2 tan β = 30
100 0.58(0.74) 0.58(0.74) 0.60(0.75) 0.62(0.77)
200 0.71(0.89) 0.71(0.90) 0.73(0.91) 0.75(0.93)
300 0.86(1.07) 0.86(1.07) 0.88(1.09) 0.90(1.11)
400 1.00(1.25) 1.00(1.25) 1.02(1.27) 1.04(1.28)
500 1.14(1.42) 1.14(1.42) 1.16(1.44) 1.18(1.45)
600 1.28(1.58) 1.28(1.59) 1.30(1.60) 1.31(1.61)
700 1.41(1.75) 1.41(1.75) 1.43(1.77) 1.45(1.78)
800 1.55(1.92) 1.54(1.91) 1.57(1.93) 1.58(1.94)
900 1.68(2.07) 1.68(2.07) 1.70(2.09) 1.71(2.09)
1000 1.80(2.23) 1.81(2.23) 1.82(2.24) 1.83(2.25)
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TABLE V. The 1σ ( 2σ) upper limits on L-violating top quark couplings λ′33k from Rτ for
scenario A (M = 250 GeV, µ = −100 GeV) and scenario B (M = 100 GeV, µ = −250 GeV).
Scenario A Scenario B
sfermion mass (GeV) tan β = 2 tan β = 30 tan β = 2 tan β = 30
100 0.16(0.54) 0.18(0.55) 0.22(0.56) 0.27(0.58)
200 0.26(0.67) 0.27(0.67) 0.32(0.69) 0.36(0.71)
300 0.35(0.81) 0.36(0.81) 0.41(0.83) 0.44(0.85)
400 0.43(0.94) 0.44(0.95) 0.49(0.97) 0.52(0.99)
500 0.51(1.08) 0.51(1.08) 0.56(1.10) 0.59(1.12)
600 0.58(1.21) 0.59(1.21) 0.63(1.23) 0.66(1.25)
700 0.65(1.34) 0.66(1.34) 0.70(1.36) 0.73(1.37)
800 0.74(1.47) 0.72(1.46) 0.77(1.49) 0.79(1.50)
900 0.80(1.59) 0.80(1.59) 0.83(1.61) 0.86(1.62)
1000 0.86(1.71) 0.86(1.71) 0.90(1.73) 0.92(1.74)
TABLE VI. A summary of updated current bounds on R-violating top quark Yukawa couplings
for slepton mass and squark mass of 100 GeV.
Top Quark R-violating Couplings Limits Sources
λ′131 0.035 APV, 2σ
λ′132 0.75(0.92) Re at LEP, 1σ (2σ)
λ′133 0.0007 νe-mass, 1σ
λ′231 0.22 νµ scatter, 2σ
λ′232, λ
′
233 0.62(0.77) Rµ at LEP, 1σ (2σ)
λ′331, λ
′
332,λ
′
333 0.27(0.58) Rτ at LEP, 1σ (2σ)
λ′′312, λ
′′
313, λ
′′
323 0.75(1.14) Rℓ at LEP, 1σ (2σ)
18
FIGURES
Z
b
R

b
R
~
t
L
~
+
j
Z
b
R

b
R
~
+
j
~
+
i
~
t
L
Z
b
R

b
R
~
t
L
~
t
L
~
+
j
Z
b
L

b
L
~
t
L
~
+
j
Z
b
L

b
L
~
+
j
~
+
i
~
t
L
Z
b
L

b
L
~
t
L
~
t
L
~
+
j
Z
b
L

b
L
~
t
R
~
+
j
Z
b
L

b
L
~
+
j
~
+
i
~
t
R
Z
b
L

b
L
~
t
R
~
t
R
~
+
j
FIG. 1. Feynman diagrams of chargino-stop loops which contribute to Zbb¯ vertex.
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FIG. 2. Feynman diagrams for the B-violating λ′′ij3 contributions to ZbRb¯R vertex. i and j are
flavor indices, with i = 1,2 or 3 and j = 1 or 2.
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FIG. 3. Feynman diagrams for the L-violating λ′ij3 contributions to ZbRb¯R vertex. i and j are
flavor indices.
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FIG. 4. Feynman diagrams for the L-violating λ′i3k contributions to ZbLb¯L vertex. i and k are
flavor indices.
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FIG. 5. Feynman diagrams for the L-violating λ′i3k contributions to left-handed ZℓLℓL vertex.
i and k are flavor indices.
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FIG. 6. δRb in the presence of λ
′′
3j3 = 1.25 versus sfermion mass for scenario A (M = 250 GeV,
µ = −100 GeV) and scenario B (M = 100 GeV, µ = −250 GeV).
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FIG. 7. δRℓ in the presence of λ
′′
3j3 = 1.25 versus sfermion mass for scenario A (M = 250 GeV,
µ = −100 GeV) and scenario B (M = 100 GeV, µ = −250 GeV).
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FIG. 8. δRe versus λ
′
13k for versus sfermion mass of 200 GeV, under scenario A (M = 250 GeV,
µ = −100 GeV) and scenario B (M = 100 GeV, µ = −250 GeV).
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FIG. 9. Same as Fig. 8, but for δRµ versus λ
′
23k.
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FIG. 10. Same as Fig. 8, but for δRτ versus λ
′
33k.
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